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UNITED STATES PATENT 
,60,033 
CARBONIrL PROCESS 
James J. Lander, Millngton, N. J., assignor to 
Bell Telephone Laboratories, Incorporated, New 
 York, N. Y., a corporation of New York 
Continuation of application Serial No. 660,140, 
filed April 6, 1946. This application January 
18, 1950, Serial No. 139,301 
10 Claims. (CI. 117--107) 
1 
This invention relates to processes for coating 
metals such as iron, steel, nickel, copper or other 
mêtals and ceramics or vitreous materials, or any 
other materials capable of withstanding suflï- 
ciently high temperatures to be plated with 5 
metals or carbldes of chromium, tungsten, or 
molybdenum or compositions including a plu- 
rality of such metals or their carbides or mixtures 
of one or more of such metais or one or more of 
their carbides. 10 
This application is a continuation of my appli- 
cation Serial No. 660,140, filed April 6, 1946, now 
abandoned, which in turn is a continuation-in- 
part of my applications Serial No. 504,418, filed 
September 30, 1943, which issued on July 18, 15 
1950 (U. S. Patent No. 2,516,058), and Serial No. 
525,123, filed Match 4, 1944, now abandoned, and 
all rights, priorities, and benefits arising from 
such facts are claimed. 
Others bave previously suggested the plating 20 
of metalS with certain other metals deposited 
from metallic carbonyls under conditions a]leged 
to deposit pure or adhering layers but such sug- 
gestions bave been defective and insuflïcient in 
setting forth the conditions necessary to deposit 25 
pure metals or adherent layers and also have 
failed fo recognize that carbides may be so 
deposited. - 
There .will herein be set forth conditions which 
must .be observed and features of operation and 
procedure necessary to effect substantial im- 30 
provements not disclosed bY prior workers in the 
art. 
The metals, tungsten, molybdenum or chro- 
mium, may apparently exist in different crys- 
talllne forms and they also may form several car- 35 
bides. Inaccordance with features of the pres- 
ent invention, the processes described may be 
controlled fo deposit platings of the metals in 
different crystalline forms and may also be con- 
trolled to plate carbides in different crystalline 40 
forms. 
In particular, tungsten and molybdenum may 
exist in the form of carbides having a hexagonal 
crystalline structure and a cubic crystalline 
structure. Conditions may be contr611ed so that 45 
one or the other of these forms of the material 
may be deposited in the plating. 
For certain purposes if may be desired fo plate 
or cover the surfaces of metals or similar objects 
with coatings, especially tightly adhering coat- 50 
ings of one or another of such carbides or mixed 
carbides of these metals, or of the meta]s them- 
selves. For examp]e, an electrical contact maF 
be plated with tungsten carbide to produce a 
dursbl¢ and arc reflétant surface, Also, for ex- 55 
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2 
ample, an electrode or grid may be plated with 
a form of molybdenum carbide consisting essen- 
tially of Mo2C to make it heat resistant but poorly 
emissive of electrons or with tungsten carbide 
consisting essentially of W2C to make it a good 
emitter of electrons when heated or Mo2C or 
W2C may be plated to form a hard facing on 
the object. Among such objects to be plated 
within the scope of the invention are included 
space discharge filaments, gfids, anodes, electri- 
cal contacts, metal cuttini tools having their 
working faces plated, metal working rolls having 
their working faces plated, metals to be sub- 
jected fo corrosive gases at high pressures or high 
temperature, or both, either or not coincident 
with mechanical impact, wire drawing dies, bear- 
ings, such as clock, watch or compass bearings, 
mirrors for any purpose such as reflectors of 
tronomlcal telescopic instruments. 
A feature of the invention relates to the sta- 
bilizing effect of carbon monoxide under different 
conditions of temperature and pressure upon 
control of the production of deflnite carbides or 
relative portions of metals and carbides. 
Another feature relates to the avoidance of the 
detrimental effect of impurities. 
Another feature relates to preventing the ex- 
istence of conditions inhibiting the formation of 
pure metals or conditions inhibiting the forma- 
tion of carbides in general, or conditions inhibit- 
.Lng the production of particular carbides and 
promoting the production and deposition of the 
particular metal carbide or alloy which is to be 
deposited. 
The invention may be applled fo the plating of 
objects which bave internal surfaces, under-cut 
surfaces, depressions or grooves or irregular sur- 
faces with simple or mixed metals, carbides or 
alloys of ttie class mentioned, a matter of im- 
portance because it is often diflïcult fo deposit 
material uniformly by plating upon infernal sur- 
faces, recesses, or in the bottems of grooves of 
objects. 
A feature of the disclosure relates fo the re- 
moral of foreign bodies such as metallic oxides 
from the surface to be plated to such an extent 
that foreign bodies of natures and in such small 
quantities as one might think inconsequential 
are removed. 
Other. features of the invention relate to 
methods of promoting adherene of the p!ated 
metals, alloys or carbides to the surfaces to be 
plated, to the effects of varying one or more of 
the nature, pressure, temperature, purity, ani 
kind of gas content supplied to the plating tank 
chamber, methods of and apparatu for causin 
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plating tobe applied on desired surfaces only, 
and control of the crystal structure or atomic 
arrangement of the applied plating by control- 
ling pressure, temperature and influx of gases 
suppiied coadjuvantly with the gas or vapor. 
A special feature of the invention relates to 
the use of a continuously maintained reduced 
pressure in the plating chamber. It is accom- 
plished by sufficiently slow introduction of the 
metallic ca.rbonyl and other gases coincident wtth 
a sufficiently rapid and powerful pumping main- 
tained ata very low degree of pressure in-the 
plating chamber. It is believed that this gives 
the molecules of metallic carbonyl a long,/mean 
free path whereby the effects of thermal dis- 
sociation may be controlled and pure and more 
adherent coating produced. 
Another ïeature of the invention relates to the 
control and rate of deposition by introducingcar- 
bon monoxide or hydrogen or one of the other 
or both of these gases in controlled proportions 
to control the plated composition. 
Another feature of the invention relates to the 
introduction also with the hydrogen of a limitèd 
and properly controlled amount of water vapor 
which, in the case of plating molybdenum or 
tungsten on certain kinds of objects, is round to 
be beneficial. In plating with chromium the use 
of water vapor is excluded and, furthermore, in 
plating base metals or materials containing sub- 
stantial chromium contents the use of water 
vapor is excluded. Thus, for example, in plating 
molybdenum or tungsten or their carbides upon 
a kind of steel known as Stellite which, in a 
typical form includes about 27.5 per cent chro- 
mium, the use of water vapor is excluded because 
the chromium becomes oxidized and results in 
a poorly adherent plate. However, in plating 
such objects with molybdenum or tungsten the 
plating may be initiated and carried through the 
preliminary stages with the exclusion of water 
vapor and thereafter water vapor may be intro- 
duced either for the purpose of controlling or 
varying the plated composition or for other rea- 
sons. In this case the initial deposit of molybde- 
hum or tungsten or their carbides forms a pro- 
tective layer over the Stellite or other material, 
which cannot be exposed to heated water vapor 
in the platini chamber, so that thereafter the 
water vapor may be introduced. 
Carbonyls of tungsten, molybdenum and chro- 
mium are white solids which decompose at tem- 
peratures of around 150 ° C. and they bave sub- 
stantial vapor pressures ranging from 15 to 60 
mfllimeters of mercury at 100 ° C. When they 
decompose upon a hot metal or similar Surface 
under properly controlled conditions a film of 
metal or carbide of the metal of the carbonyl or 
carbonyls is deposited upon.the hot surface. 
A difficulty encountered in secaring adherent 
deposits bas been round tobe due, in part at 
least, to foreign substances upon the surface. 
One of the m0st troublesome foreign substances 
upon the metal surfaces .are undesired metal 
oxides. 
A surface tobe plated which is suitably free 
from oxides and other substances may be and 
bas been produced by abrasion, electro-etchingi 
ci other chemical methods with prevention of 
subsequent contamination. Specifically, the met- 
al obect fo be plated may be treated with-acid 
and washed free of adherent acid in an organic 
solvent such as alcohol and thereafter placed in 
the plating vessel hereinafter referred to and sub- 
jected fo immediately applied vacuum. This 
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serres fo remove the residual alcohol by evapora« 
tion. 
The object tobe plated may be treated pre- 
liminarfly fo the introduction of the carbonyl gas 
 by heating fo relatively high temperatures such 
as 600 ° C. in a vacuum which is maintained by 
operating the vacuum ptnïqp. This tends to 
c!ean the surface. 
The object fo be plated may thereafter be 
10.raised fo the desired plating temperature, the 
carbonyl vapor admitted, and the plating accom- 
plished. 
ttowever, hydrogen may be admltted fo the 
plating vessel prior fo the plating operation with 
] the result that the surïace tobe plated may be 
 further or more effectively cleaned, with the re- 
sult of a more Perfectly adhering plate, tty- 
drogen rnay be admitted to the plating vessel 
either immediately or after the objeet has been 
.0 subjected fo vacuum or heat or both for a period 
of rime. The hydrogen is admitted from a suit- 
able inlet and removed by a vacuum pump 
through suitable ourlet and during the time-the 
objeet fo be plated is exposed to the hydrogen 
2 the temperature of the object fo be plated may 
be raised as high as 60i ° C., more or less, de- 
pendent upon the nature of the object and its 
surface impurities with the result that oxides and 
other substances upon the surface are more 
30 thoroughly removed. Thus, for example, oxides 
will be reduced and the oxygen will combine with 
hydrogen to form water and carbides lose their 
carbon and the carbon thereof is combined with 
the hydrogen fo form hydrocarbons such as CH« 
35 These hydrocarbons are carried out with the hy- 
drogen and eliminated. 
The admission of some hydrogen during the 
plating operation along with the carbonyl vpor 
and the carbon monoxide gas may be through 
40 eithei the saine inlet which supplies the car- 
bonyl vapor or through a separate inlet. In 
either case an effect of the hydrogen is to pro- 
duce an effect analogous fo that which in elec« 
trolytic plafiing is sometimes styled "throwing 
45 power" which signifies that plating in crevicesi 
grooves or depresslons is more effectively accom- 
plished and the metal plate is applied more uni- 
formly over the surface tobe plated. The 
fiux of hydrogen for the purpose of plating wih 
carbides is subject to the ]imitations herein-after 
50 set forth. 
The deposition of adherent carbide ¢oatings 
may be accomplished ai relatively low retapera-. 
tures and moderately low vacua with little or no 
55 influx of carbon monoxide gas, as increasingly 
better vacua are employed the use of .propor- 
tionately greater amounts of carbon monoxide 
is desirable. The nature of the oarbide deposit 
is also variable with conditions, thus with iittle 
60 or no carbon monoxide gas, af pressures of a few 
millimeters of mercury, and at low temperatures 
molybdenum and tungsten carbonyls form chiefly 
face-centered Mo2C or W2C, whereas with higher 
pressures, higher temperatures, and greaterCO 
65 gas concentration, in the case of molybdenUm 
carbonyl, MoC is formed. Che may introduce 
appreciable quantifies of hydrocarbons of low 
molecular weight such as methane CH4 into the 
plating vessel in the case of plating carbides, 
70 especially after the bond has been formed. 
Under certain circumstances plating may be 
accomplished by the use of metallic carbonyl 
vapor alone in a .pure form. For examPle, in 
ortier to plate an iron surface the plating .may 
7S be started ata sufliciently .high temperature to 
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ecure a satisfctory bond or adherence and de- 
posit moral from molybdenum, tungsten or chro- 
mium carbonyl gas. In plating molybdenum, 
for example, ai a relatively high plating tem- 
perature beginning ai about 600 ° C. and con- 
tinuing in the range of 400 ° C. fo 500 ° C, metallic 
molybdenum is deposited provided the influx of 
carbonyl gas is maintained sufliciently low and 
the vacuum is maintained also sufficiently low to 
hold the carbon monoxide gas, CO, to a low con- 
centration. Ai a lower plating, temperature, for 
example, 200 ° C. to 400 ° C., a carbide plating 
is deposited which bas a face-centered cubic 
arrangement. The tendency is to deposit the 
cubic carbide ai low temperatures and at. high 
concentrations of carbon monoxide. As the 
temperature is raised and as the concentration 
of carbon monoxide is lowered, the tendency is 
to deposit the pure moral molybdenum. At a 
high temperature and ata relatively high carbon 
monoxide pressure, the tendency is to deposit a 
carbide molybdenum lIo2C which is hexagonal 
in form. Simflar tendencies are noticeable in 
the case of plating .ïrom tungsten carbonyl vapor 
except that no plating occurs in the range around 
200 ° C. to 300 ° C, and so far as bas been doter- 
minable from X-ray analyses, the hexagonal 
carbide W.C bas hot been produced. However, 
a Cubic carbide of tungsten may be produced. 
The boundary zone between pure metals and 
carbides is the combined function of temperature 
and carbon monoxide pressure. The pressures 
used may range rom about ooo to 10 or 12 
mfllhneters of mercury. From X-raY analyses 
supplementedby chemical analyses thecoatings 
or platings described as cubic molybdenum car- 
bide occur roughly with the empirical formula 
MoC although the carbon content in atomic per 
cent varies over a range from around 25 atomic 
per cent up fo about 35 atomic per cent. 
Plating may also be accomplished by intro- 
ducing purified hydrogen along with the gaseous 
carbonyl in amounts ranging from moderate to 
very çonsiderable, for example, up to 1000 mole- 
cules of hydrogen per molecule of carbonyl vapor. 
Heating the surface tobe plated in hydrogen is 
beneficial in reducing surface oxides, and, in 
some cases, if hnproves the bond between the 
plating and the surface tobe plated and, in other 
cases,it appears to be fairly essential to pro- 
ducing a satisfactory bond. When the ratio of 
hydrogen to carbon monoxide gas in the plating 
chamber becomes large, the tendency is to 
more Carbon so that pure metals may be plated 
at somewhat lower temperatures and higher pres- 
sures. In general, in plating chromium there 
is a greater tendency to deposit both oxides and 
carbides than in the case of molybdenum and 
tungsten and in the case of this moral an ex- 
tremely pure.ruerai free from carbides is hot 
deposited but the plating rnay be ruade extremely 
hard. It appears that metallic tungsten can be 
plated at considerably higher pressures than in 
the case of molybdenum and therefore the plat- 
ing rate in the case of tungsten may be higher. 
Under many circumstances platings or coat- 
ings containing considerable carbon are more 
hard and brittle than may be desired for certain 
purposes and the hardness and brittleness may 
be reduced by introducing_ a certain percentage 
of water vapor along with the hydrogen. For 
example, percentages of water vapor relative to 
the hydrogen ranging up to fifteen molar and 
preferably no higher than ton molar per cent 
raa¥ bë utflized in the case of plating certain 
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metals as nlclel, Iron, coië id 
forms of steel. Some steels, such as those con- 
taining chromium, will be oxidized by water vapor 
and, consequently, water vapor or so-called wet 
5 hydrogen may hot be used in plating them, al- 
though the plating may be started without water 
vapor and after a sufficient layer fo protect the 
plated object from the water is deposited, the 
water vapor may be introduced and the plating 
 continued. Subject fo these limitations wet hy- 
drogen may be utilized and is beneficial when if 
may be desired to prevent the deposition of car- 
bon in the plating. For example, in plating 
molybdenum ai 625 ° C. in a plating gas con- 
¢5 taining 2 molar per cent of water, plating was 
round by analysis to contain 0.15 atomic per cent 
of carbon with a slow plating rate. However, with 
a considerable faster plating rate and by using 8 
molar per cent of water, the plating contained 
20 1.8 atomic per cent of carbon and with a still 
higher plating rate and 25 molar per cent of 
water, the plating contained 7.0 atomic per cent 
of carbon. Therefore, while water vapor is useful 
in reducing the carbon content, the carbon con- 
5 tent can be kept extremely low only ai a relatively 
- low plating rate although these may be somewhat 
higher than may be used for depositing a similar 
composition without the use of water. 
However, one should hot conclude that the 
30 introduction of oxygen rom the air is equiva- 
lent fo a small added amount of water because 
the experimental evidence is to the contrary and 
the Introduction of an amount of air equivalent 
to one per cent oxygen bas been round fo result 
35 in a very inferior plating. 
As stated above the introduction of water, re-- 
sults in a softer plating, thus, in plating molyb- 
denum ai 500 ° C. and ai certain conditions with 
no water the Vickers hardness of the plating was 
40 1030; with two per cent water 1000; and with 
eight per cent water it was 800. In plating at 
550 ° C. under similar conditions with no water 
the hardness was 920; with two per cent water 
the hardness was 740; with eight per cent water 
45 the hardness was 430. Brittleness is a factor and 
for certain purposes, such as producing a wear- 
resistant coating on dies, rolls, or machine tools, 
hardness is highly desirable, but extreme brit- 
tleness is hot desirable. For such purposes it 
50 appears that the best type of plating will be one. 
containing considerable carbon but no carbide: 
.as such because the presence of the carbide makes. 
the coating more brittle without increase of hard- 
ness. Shnilar considerations apply fo the pro- 
55 duction of tungsten plating. For example, plat- 
ings of tungsten containing considerable carb0n 
plated ai 450 ° C. to 500 ° C. in dry hydrogen ai 
a rather high pressure may bave a hardness 
measured on the Vickers scale above 2000..In 
60 plating chromium only relatively hard coatlngs 
ranging from Vickers 1200 to 1600 have been 
produced. 
As previously stated, preliminary cleaning of a 
metallic specimen by abrasion in absolute alco- 
65 bol is a satisfactory method Of producing a sur- 
face fo be plated. Also in plating some alloys 
such as "Stellite" electrochemical polishing can 
be employed. A preliminary stop of introducing 
hydrogen before the metallic carbonyl vapor is 
70 introduced is often beneficial in producing a 
surface to which the plating will forma good 
bond. Ai temperatures of 500 ° C. to 800 ° C. wet 
hydrogen is a good cleaning agent for some sub  
stances but ai lower temperatures quite often 
'. only dry hydrogen may be used, Although al- 
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loed steel surfacescn under.c0nditions oï.high 
purly of hydrogen _andgood lreliminary ..abra 
sion be satisïactorfly ,cleaned .a 500? _C.:in :hy. drogen containg, fro .tò - .eigh per 
water apòr, a more satfactory chnique  .t0 
e=oy-dry .hydrogen untfl .the .temDeraurc_of 
the spece rises bove 500  C. whereupn 
wet.hydrogen_is introduced.and the temperature 
rises coDnuaHy, to..800  C. :In plating copper 
wet :hydrogen .bas been fou to be sasfactory 
 heating the specimen .from..reom-Dertre 
 800- C.  he case òî ïtellite" all :watgr 
must be .vigor0lFexcluded and a ve;y gh 
perature  require for sdeuae cleng. Tem- 
peratures up. t000  C. up.tol00C, have.been 
ued.  a general re, bondg of he plang 
te the meal  .be .pated .s more stisf9O'Y 
if. theplag.is .srtd at çeltive high tm 
perturs. Th ip.-the case 0f .cper a 
perate .of around-. 00 C. . su|table and ap 
ars .£o be eneficial.  previ0uly set 
a high lting rate is undesrble durg e 
bond ..step as. collodal arti.cl 
large of-carbide .tend to be-produd. 
quently, .gedb0n roque a ow p.tng 
and« in practic, it bas .oïtn b .0d 
able-to use a rate ne-enth-0f 
ai a lar stage of the Rroçes. 
Substances. other than  y  
within the Hmits tha_t th :Çutacç -m. b.e 
such as cau :withstad tDe l;u$re ..high 
perature. ith th Içtatç. g]a, 
materials.-adothe .-tca]s my be pç, t 
beingundersood, .ow_r, that tç c0idera- 
tions for forming a good od vry with the 
substance wh|ch is to be plaid. 
Poreign meri!s-sch a water, air an or- 
ga-nicmarlals must b mrdd against whether 
preset  the carbonyl or whether aring from 
supports .or other ¢]ements in thë platg Cham- 
ber or .whether introdUCed thr0ugh leaks in the 
evacuated system 0r from other causes. e 
troduction of such substances s Iikely  lead 
fo unatisfactory or, at best, to unredictable 
rul.ts. 
The pr0çess aY be employed fòr the formation 
of plat consisting ó a!loys. Thus, for example, 
an a.ll of molybdenum nd tungsten may be 
deosied .y tizing ca?ony]s in a molecar 
ratio .ppro.ximaly eqal fO their vapor pres- 
sures. -SecenspIated et 600  c. wth wet 
drogen:and at a modeme plating ra were quite 
hard and brttle wh|le molybdenum alone plated 
unde similr ç0niti0ns is soït. By emioying 
separa cçbonyl cmbes with searate con- 
tro!s aHoysóf -varo compositions may be simi- 
lrly prod.ced. 
Aparat usef! or conveent for platg the 
varios.bodies is il!ustrted in th accompanying 
drw!.ng wher: 
Fig. ! is a diagram of essentïal parts Of an 
paratus wh|ch may be employed for plating 
jects such as shee plas, bars, contacts, elec- 
trodes, et¢,; 
g...!A i:a m0dcatiçn of a fragmenta]T part 
o FSg..$ .between the section nes X--X and 
YY çified to iHustrate one method of secur- 
ing 8.-bly thick layer of plating upon the 
i, surface of an orifice of a moral body; 
Fig. lB .iÇ a !urther modifica-tion of a frag- 
menarY rt of Hg. 1 taken between section 
Des Xx and YY illustrating a method wh|ch 
my be employed for plating portio of metallic 
o .d in plating other portions thereof tp 

Fig. 2!llustrates ttie:modLûed method of.mo. .r. 
ing. a relay armature so as :to plate.the work!nç surfaces.of its co_ntacts; 
Fig. 3.:illustrtes a methodof mounting.meta!- 
5 lic.discs upon a vitreousbody t0 preve.nt one sU 
face there0ï from .being plated .appreciably .wlile 
causing.other surfaces.t0 be plated; 
Fig. 4 illustrates apparatus su|table for plaing 
one side Of a disc or. sheet of mater|al illustrated 
10 as a vitreous mater,|al but wh|ch may be .metl 
or other substances; 
-_Fig. 5 is .a diagrammatic illustration,.partlly 
in cros section of an arrangement employing a 
moving injector .for un fermly plating .the interio 
15 surface òf a body-havi..ng a clindrical .or 
pr0imately cylidical :opening therethreugh; 
and 
Fig.s. 6, .7,.8.an_d 9 |!lest:rate de, ails :f the 
pra.t of Fig. . 
20 e..rrirg o .F.ig..1 a.n.d its 0pe, ration, a 
or g!ass Wss.el !0 i-proviàed.vith a cool.lng vte 
ja_c!çt !! h_aing a:wterJnlet 12-.ïrm a.sui.tble 
s0u.rceçf SUlpy and a wat_er ourlet 13. The:irlet. 
and-0ut]et ,m_aY be located on. any suitsble :pot- 
25 tiqn .o.f. t!e. g!ass or .c.eamic vflssel. The .ves.se! 
| i._ch.i.s i]lusraçed s tubU!ar in orm:is .pro 
vid_ed it:a l_arge .tighly fi.tting stopr 14wh|ch 
may.be _m_.ade. gas.ight .by-mens of ground glas8 
su.!;ac_es0r o,teDve nd bas connctd.to it.two 
zo ot.r t.be .1.5 a_n., Ç Wh!ch. ar, e U=shape, Tube. 
| !.s toed wih vajyes.l-1 ad Ila ,n.d- side 
in!et tube |b with a. v!ve |]ç. Tube-|.6 .is pro, 
vied Wit a valve ! . A vinding er c_oil 2 aapt 
ed.to be traFersed bY high feque.ncY:curen:up. 
,5 plied fro a suitabe.high f.requency-source .$.9 is 
h!n, ouned or o.th.eçwise dispqsd buthê 
tube ! ff. 
An obect 2 o ruera! to be pted or a grup 
of .objects may b placed insde the.-tube 0 
0 removing the sto»pe i; the-speçien: 0 
be p!aced on wedge:shaped Suppçrt.s $ of 
mica or ceamic mater!al or oterwis__hg, sUP- 
ported or disP0sed.witin the vessel |ff. Ifi 
stances it may be merely sufliciënt:.to/lay the 
45 object 2 .or group Of obJects WithLu hëvsslel 
The objeçt 2fl or objects 20 may cons!st:of.irp , 
nickel, anY type of steel or ferr0s, CObals:0r 
nickelous aHoys known o the art,.as well as met- 
als .or an0s oZ _t.h.ë meia!s hngsen, 
0 titanium, m01bd,enum, tantalum, COpp.e.r, .,r 
stainlcss stee!, tool-steel, gun .meral, .cutleçy:stflç!, 
brass, br0nz, e or any oher metal Of prp_rti_es. 
simiIar to these. !t may consist of a m.e.t!lc 
object tobe plated or coated forartistic reason, 
5 or durabi!ity, .or to poëtuce a hardsurïace:ë; 
sistant to abrasion or a Surface resisance 
chemicals in gaseu s 5r iquid fom and m ,ê 
of .any shape which may be heated suïficienty 
uniformly upon the surface or surïacesto :be 
C0 .plated by means of big h frequencY induction. 
Carbony! powde.r, for example chroinum, 
sien or molybdenum carbonyl powder, iS placed 
in one of the U-s.haped. tubes° for examp!e , tube 
! , and the tube is. ma.intained Cold by beingim: 
65 mersed.in brine, |ce water, s0ii d CO. Or bther 
suitale med!um in a container 4. If valves 
and |la are closed, the tube |.neednot be cled 
The tube   is connected to a vacuum pamï 
the .valve | opened o thoroughiyexhaust 
7o vessel {0,of.air. " ....... 
An alternative object .fla çonsists of a grid for 
a vacuum or spce discharge tube Whichïïs..a 
stem 2Qb bY wh|ch it may be mounted in 
for use; for. plating the.stem Ob is m0untel in0u 
75 opening ia a block  ! a of porcelain_or glasi. 
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this diagrammatic indication one is not to infer 
that grids 20a and blocks 20 would be plated af 
one rime or that the high frequency heating field 
suitable for a block 20 would be suitable for a 
grid 20a; in practice a number of grids might be 5 
mounted in a multiple block 2 la and plated af one 
operation. The grids could be of fiat mesh, cy- 
lindrical mesh or other desired shaRe and spacial- 
ly positioned in the heating field as desired or as 
necessitated by their respective conformations. 10 
As a preliminary operation, after inserting 
the object 20 and closing the vessel 10, the car- 
bonyl may be purified by placing it in either tube 
I§ or16, exhausting the vessel 10, warming the 
tube in which the carbor/yl is placed, chilling the 15 
other tube with solid CO2 mixture and passing 
.-in pure hydrogen over the carbonyl to distiil 
the metallic carbonyl from one tube to the other; 
gaseous impurities such as H20 vapor may thus 
be reduced or eliminated with the hydrogen. 20 
This operation may be repeated one or more 
rimes or its equivalent may be pefformed in 
a separate vessel belote placing the Carbonyl 
powder in the apparatus illustrated. The ad- 
vantage of doing if in the. same apparatus lies 25 
in the certainty with which recontamination of 
the material is prevented. We may assume that 
this step has been performed, if necessary, and 
the carbonyl is in the tube 16 af the beginning 
ofthe plating operation. 30 
.After the exhaustion or during the exhaus- 
tion of the vessell{} hydrogen may be admitted 
through tube I§ or 16, preferably in a slow 
stream .through tube I§ .until substantially the 
entire gas content of the tube consists of hy- 35 
drogen whereupon the switch 22 is closed and 
the specimen 2{} heated fo redness by high fie- 
quency induct'ion with energy supplied from the 
coil 23. The hydrogen is then thoroughly ex- 
hausted by continuing the operation of the 40 
vacuum pump with the Valves 17a, I Tb, and 
tightly closed. This tends to remove final traces 
of impurities. During all this rime the car- 
bonyl .powder in tube I is kept cool by the ice 
watèr bath. The sPecimen 2{} is now allowed to 45 
cool to a suitable plating temperature, for ex- 
ample around 450 ° C. The plating temperature 
may approach 150 ° C. and the upper limit may 
' apparently approach near the melting point 
the meta! tobe plated. The specimen bas been 50 
cleaned and all oxides, or substantially all oxides, 
grease, film, etc. bave been removed from its 
surface by the heating fo redness in the presenc 
of hydrogen gas. The vessel 24 is now replaee 
withanother vessel containing warm water af a 55 
temperature of about 20 ° C. and the water in 
the water jacket il is meantime held af around 
20 ° C. The operation of the vacuum pump at 
the ourlet of tube I{} is continued and at this 
stage or belote, if desired, a vessel 2 filled with 60 
ice v¢ater may be placed around the tube 
The carbonyl powder in the tube I is now 
vaporized and passes through thë tube I{} with 
the result that there is deposited upon the sur- 
face of the specimen 2{} a coating of carbides of 65 
tungsten, molybdenum or chromium, as the case 
may be,of a thickness of about 2 mils in approxi- 
mately 30 minutes. Rapid deposition of the coat- 
ing is desirable and continuous pumping af the 
ourlet of tube 16 is necessary to remove the car- 70 
bon monoxide which is formed. The tube 
being immersed in ice water or other low tem- 
perature medium, such as solid CO2, serres as 
a trap t0 precipitate and recover any unreacted 
carbonyl. After the deposit on the object. 2{} has. 

reached the proper dimension as may be deter- 
mined by observation or experiment, the in- 
terior of the vessel l0 may be restored fo at- 
mospheric pressure, the stopper 14 removed, and 
the object 20 becomes accessible for removal from 
the vessel. 
In a particular case 0.32 cubic centimeter per 
second of H was passed over molybdenum car- 
bonyl maintained at 16 ° C. for 60 minutes af a 
plating temperature of 370 ° C. to produce a plate 
thickness of 0.0022 inch which contained 25.0 
atomic per cent carbon and was estimated to 
consist of 95 per cent molybdenum, or Mo2C, in 
gamma or face centered from plus 5 per cent 
alpha m01ybdenum. By reducing the plating 
temperature to 330 ° C. the carbon was 25.5 
atomic per cent and the molybdenum 100 per 
cent in gamma f0rm. The structure was deter- 
mined by X-ray examination, the carbbn con- 
tent by analysis. 
As an alternative and for some purposes .pre- 
ferred method, the ingress of carbon monoxide 
either wlth or without hydrogen along with the 
metal carbonyl may be continued during the 
entire plating process and these gases may .be 
caused to enter through the iniet tube contain- 
ing the carbonyl powder or through another 
tube. The amount of carbon monoxide used may 
vary in accordance with the principles elsewhere 
herein stated. Also when hydrogen or other 
gases is or are introduced, this may be through 
the same or a different iniet and for this Pur- 
Rose the apparatus may be provided with as 
many inlets like I b as desired. 
The apparatus of. Fig. 1 thus may be empl0yëd 
fo produce coatings Of tungsten carbide (W2C), 
molybdenum or chromium, carbides on metalllc 
objects, such as theobjec 2{} or similar objëcts 
such as contacts, filaments or other electrodes, 
edges of cutting tools or other .objects. For 
example, a nickel grid 2{}a for a vacuum tube 
could be mounted in a ceramic block 2 la and 
coated with Mo2C or WC bY. this method, or 
a filament could be coated with W2C. 
Mg. lA represents a modification of Fig. i às 
applied to coat or plate the interior surface of a 
tubular object with little or no plating of t1e 
outer surface. The tubular object 2{} fo be plated 
ts traversed by a passage 2{}c. It is mounted n a 
frame of mica which comprises two baffies 
which substantially fill the cross section of tube 
{} and cause ail the carbonyl gas to pass 
through the passage 2{}c. The outer surface 
covered with a mica layer 3; the ends of obje¢ 
2{} are in this case left exposed and are plated. 
Very little deposit occurs upon the surface of he 
mica and tha only upon the part which lies 
close fo the object 2{} and thus becomes heatel. 
In tvïg. lB which is a modification in part of 
Fig. 1 between the lines .XX and YY, .two 
other objects are illustrated in the plating 
chamber J{}. Ordinarily, however, af most only 
one class of object would be placed in the plating 
chamber af a rime. These would hot necessarfly 
be placed in the positionsshown. The principal 
object of Fig. lB is fo illustrate methods of plat- 
ing portions of the urface of an object to the 
exclusion of other portions. A clock pinion 
mounted on axle  may be arranged to be 
plated on a conical end of the axle. A plastic 
or vitreous body §-is made in two or more halves 
into whtch the axle  and its associated wheel, 
for example, the balance wheel or pinion, is fo 
be fitted. The body  is mounted on standards 
or conical supports 2 
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applied the- axl 44 becomes, heated:buP the vit- 
oUs. body S. do-es hot: becòme heated- thee- 
rom for a- long te especiaF as:. he cnt 
flo of gag inC]ud Fdrogen crrl, away the 
eat. faiIy rapiy: e pla[mg-  occis 
solely un the conical ends of the axle4Sfo the 
Duzpose of f0rmg, hd brg surfaces.. Plat- 
ings::of gsten hh. ïn rstitil czde, or 
tungsn: crbide may be used for this pose 
d pltgs bave been deposid..wc,, on test, 
were round m bè:rder t Sgpphire. 
ebody 4 may cpze a ndrict-.e- 
mént hvg 
might be utfled.foz-.eli rély /swih 
cont-tobeplated onl on:i:end-: 4. A.plkstic 
o vieo body 4- may b Cotted: in two 
ves and the objeCt: 4. plc.beteen the- 
hs, so s fo: expose 
e only portion  be.plted, . e: psrticulr 
rrgent a series of opengs: 45; are providêd 
 petit the flow oç gases trou, the plting 
chmboe to the ourlet, l. In-oer-rrnments 
the ody 48 might not fill the entirety of the 
cylinicl spac in the plting chumber, and the 
opengs 4S would be-unnecess. 
g. 2 .illustrais noher. arrangement of ptat- 
ing the contact surfe-@:of -relay armature 
S .  urmature my. be placed, beeen he 
two-hIves of a vieo-body  so that only the 
contact suraoes S@ are- expoeed. e ,assembly 
S #-, 2 is th placed« 
-a mater fo ex.se the- contact surfes S sym- 
meioelly to, the streamof earbonyl gas. 
g. 3 illusas; an.ther agemenç in 
wch a plasc er itreous-bo Sa wch may 
coist.of glass or perelain has:a-nbe o- con- 
tact- buttons placed un. if s that. the. upper 
sfaces d- the cylinicat surfaces of t_ but- 
 S4 may be. plated. e-bottom surac rest- 
ing on e-body S3 is subs-ntially ,plad. and 
c.od, be weld, or-.soldered .an armatoE or 
oth taIc suppor.t to serve as . elecical 
coRct. 
g. 4 iliusates, anoth açrangemtAn which 
metallic OErbo al the.  monoxide 
and hydrog are troduced .thzough pis 
and ]b colled b vIves ] d #C-to. e 
teZior o£ a.-ating chamher SS. PIating cham- 
ber Sa has  outle te  leaoEn to a s- 
ciently powerful vac 
sireoE by a ve 8. A war jackeb ving an 
inlet tube I2 and.an ouet tube fa surrod the 
chambe S.S whose walls aS aze kept cool. A 
eet of matez-I SI fo be plàd is placed ainst 
e d of the chamber S d sealed thezeto by 
rubber or copper gae S8 and Screws 3 hich 
pass rough the fianges of a rg . and hold. the 
eet. S in a . gas-t£ght mnner aimt the 
arm of the plating chalet. A chamber A 
convenionally illtras, a fiue wch may be 
SuppHed wIth hot gases rom a fnae fo heat 
he sheet S fo a desired: coierably high. tèm- 
erate during the plaoEng oeratïon. y 
suible sorcé of hot ges or apprGRria, te eat- 
i means mày be èmçloyed. e lët tubes 
S and b are coeCgèd 
which is.provid on the side t0wards the seet 
 With a coïderable humer of unEo 
igs 2 through which the plating gases pass 
impge upon the suffe of the plate SI. Sheet 
] may consist of glass, vitreos materïal, any 
plastic whiCh Wfll wftnd thë neceSsà high 
emperature, and sseses. a suciently low 
vapor pressure thereat, or meál sheet, of any of 
the ds preVîously enrad. Sheet- S:- eed 
no neCeSsay bé: plane: SUt may ha- ctlèd, be 
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concave or convex ut-otherwJse cuzved: or. shaDed 
and. the. ad/acez sfaoe: of e Dtng heaoE 
y be- apppria- shad:  coor 
therewïth. 
5 i.. 5: - 9, inustve fllta cta dets 
oï a angemeRt £or platg or coang OEe in- 
te»ir sfe oZ how" ho ch as e- body 
$ wch may be lo'.or..shor and wse 
terioz sac may be straht or cved, oved 
I0 or slotted.  body $ is:plediR a.cylioel 
pla. chaez' 64 moffupoR a stable sup- 
porç  wch is placed: iR  plag, cmber 
fo ho e body $ i PpoDte potlon: The 
botm- of the plang chamber Is: closed by meam 
15 of a.b0ttom plate 66..in .position by scws 
 and sealed with a coppe or :othez suible 
gasket .  top of. the platg ber is 
sealed- th  pla.te 6S held-  place byscews 
 also sealed wioE an. appropate gaske 
20 T'ough an opening in ttop plate 9 there ex- 
tends a hollow moving .injecr  for suppg 
plating, g. he iRrior re of the obect: 
The movi jector passes tough - 
soEl $ which-is more or less.conven ii- 
25 ltrad and may- cois of sevezal, seals  se- 
ries. The top- and bottom plas 6 d $ e 
provided with. copper tubes-4 forsuppl, cool- 
ing water ding the plat opezation. ese 
tubes 4 may" be solred braze, or ote 
30 attached  the end plas= .d' 9 as 
to the upper and lower Unges. o e: ma ho 
4. of the plati, cha-mb so äs te. conduct.heat 
away errom In an eoEcient r 
A ex2ble. hose S  r tted: i aR.air- 
35 tight mner fo the upp end of e'mov.- 
j oez 2 for pplyi, carbol- vapoz a-long: 
hyogen carbon monode-. d water.- vapor;, if 
desoeeoE ftom sble sortes coected  ap- 
propriate pipi Sys and invîduay con- 
 troll by" valves. The- moving jec-- h 
a. bore  tough-, wch e plaflng gases pass 
fo the interior of e platg vessel 64. The mov- 
]ng jector is also kept. cool_ by means of cool- 
ing fld suppli. ro e tube  wch 
es down a tube or passageway  on one side of 
45 
the centez tube 6 an back up throug an- 
other tube 9 fo the 0utlet 0. The. inlet, and 
ourlet tubes  d 80may bë coecd by 
able hose .oectio fo an appzopzia pply 
50 soce and disposl.source of: cooling wgter or 
a raoEar. e botm ed of the movi 
ecr 2 is shown in horizontaI cross-secte, in 
Fig. 7 and. '. eical croc-section, in, g 8. A 
septum  extenng acmss the tubes-segtes 
55" the passageways ].8 and 9 d: ts st. 
discontinuous at the bottom- se that the passage- 
ways 8 and 3 are connected gether by an 
aar opening . 
en the plating.op/atïc is started e mov- 
60  jecr 2 .is traversed upwary and - 
wary by me of a reving screw  wch 
bas i groove: engaged  by.a , pin 4 (Fig.. 9) 
ey engaged in a nut SS. e the rerg 
screw is driveR, by stRble gears, SuCh as. the 
65 beveled: gzs. 8, the -moing ieor is caused 
to be-moved reciprocally upward aRd downward 
so that the end moves, from the, appzo: 
fo the aproate botm of the element- 
supply plating gas  OEuse a Ozm plating 
70 a-!ong the bore of the elemenç . 
The element  my conveeny .hed by 
conduction tough' and radigfion om thewal 
of chamber 4 dg plng operation by-a 
g winding 8 which may beiulated 
75 bt0s or o. hetresnt mateffal 
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packed in asbestos packing 88 which may largely 
or wholly fill the casing 89 which serves îurther 
fo reduce the radiation and loss oï heat to the 
surrounding atmosphere. The heating element 
88 is. conveniently supplied with heating current 5 
ïrom any desired alternating outrent or direct 
current source. 
Ourlet tubes 12 are connted to a main ourlet 
tube 12a which in turn is connected fo a su]table 
vacuum pump or vacuum pump system through 
valves as may be desired. 
The operation of the arrangement oî Figs. 
to 9, inclusive, will now be briefiy outlined. An 
object 63 tobe p!ated is placed in the plating 
chamber upon the support 65 by removing the 
bottom plate G6 and thon sealing it back to ïorm 
a gas-tight connection. The heating winding 
is thon energized and as soon as the object 
is appropriately hot, pure hydrogen gas may be 
introduced through the tube 75 and the travers- 20 
ing screw started into operation in order to clean 
the interior oï the object 63 by removing ïoreign 
substances and reducing metallic oxides on the 
surïace. Aïter the cleaning bas continued ïor 
 suflïcient rime, carbonyl vapor, with or without 25 
other gases, may be introduced through the tube 
5 and the plating operation is commenced, ini- 
tially the object 3 is maintained at an appro- 
priate temperature to form an effective bond of 
the plating on the surface to be plated and there- 
after the temperature of the object 63 may be 
regulated by increasing or decreasing it to a 
temperature appropriate to the desired speed of 
plating and the amount of carbonyl vapor, 
drogen, carbon monoxide, with or without other 35 
gases, such as water vapor, which may be 
troduced. At the end of the operation the car- 
bonyl gas is cut off, the object 63 is a!lowed to 
cool and if may then be removed ïrom the plat- 
ing chamber whereupon the apparatus is in con- 
dition ïor repeating the operation fo plate an- 
other object. 
The arrangements described are exemplary ïor 
Indicating various types of arrangements which 
may be employed for plating the whole or parts.- 
of surfaces and the parts being of various sizes 
and shapes. 
Tungsten carbide having the ïormula WC, with 
a small variable, excess or one or the other oï 
carbon or tungsten, may be plated; this plating 50 
is very hard. This hardness is considered fo arise 
in part ïrom the smallness of the crystals in the 
plate. Note is also ruade of the ïact that the 
plating is ïree ïrom iron, nickel, cobalt, or simi- 
lar element. Likewise, adherent plating of Mo«C 55 
and MoC or mixtures thereof which are hard 
can be produced. 
Tests of carbides oï composition NioC and 
NioC and upon platings consisting of various pro- 
portions of those carbides with molybdenum show 6O 
that many oï these platings have unexpected 
hardness. They are oïten composed of fine crys- 
tals and under some conditions which may be 
experimentally determined by X-ray analysis, the 
crYstals have a strong orientation. As previously 65 
set ïorth, pure metals and aHoys may aiso be 
deposited. In practice the last vestige oï carbon 
cannot be eliminated ïrom the plated metal al- 
though under appropriate conditions the carbon 
content may be madé quite small or so small as 70 
fo be insignificant in affecting the properties of 
the product. 
The hardness combined with toughness in vary- 
ing degrees together with resistance to corrosion 
make the process available for the production of 
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various useful products, such as plated or coated 
working surfaces for wire drawing dies, cutting 
tools, machine drills, rolls, engine bearings, valves 
of infernal combustion engines, taps, reamers, 
metal slitting saws, pinîon bearings, nozzles, and 
rotors and stators of high temperature turbines, 
as well as the blades of combustion chambers Of 
infernal combustion turbines which.may be ren- 
dered less subject to corrosion by plating with 
suitable carbides of chromium, tungsten or molyb- 
denum or by a mixture, thereof with metals, . 
Rolls of cylindrical or rolling pin form may be 
supported at the centers of their ends by ceramîc 
supporting frames including a ceramic holding 
screw in a manner similar fo the method :of 
holding a work piece in a lathe. Similar or 
analogous lnethods may be employed to plate the 
whole or working surface of valves such as the 
valves of internal combustion engines. The whole 
or the working faces o_ precision tools, such as 
gauges and gauge blocks which are required fo 
be hard and of exact dimensions, may also be 
plated by one or more carbides or by mixed 
carbides. 
A metal coated with an adherent layer as de- 
fined herein signifies a conditïon of powerful ad- 
herence whereby the metallic body may be 
stretched or distorted or subjected to high tem- 
peratures or high pressures or both without sepa- 
rating the layer. In the case of tough layers o- 
plated material, this stretching or distortion with- 
out cracking or breaking may be considerable; 
when the plated layer is hard and brittle the 
stretching or distortion may be slight before 
cracking or breaking, not because the adherence 
is less but because the plated metal will crack 
or break upon strétching or distortion but will 
nevertheless tend to adhere strongl even though 
cracked. A mere superficial attachment is not 
considered to be adherence in the sense of this 
specification. ..  "  
What is claimed is: 
1. The method of plating an object which com- 
prises heating the object to be plated to a tem- 
perature sufficiently high to decompose carbonyl 
vapor of ai least one moral selected from the 
group consisting of tungsten and molybdenum, 
passing said vapor along with hydrogen and 
water vapor fo the extent of hOt over fiïteen 
molecular per cent oï the hydrogen  over the 
object to be plated whfle it is maintained af said 
decomposition temperature, and whfle maintain- 
ing a pressure of up to 12 millimeters of mercury 
ai the surface. 
2. The method of plating an object with moral 
selected from the group consisting of tungsten 
and molybdenum which comprises heating the 
object fo a temperature suiïiciently high to de- 
compose carbonyl vapor of moral selected from 
the group consisting of tungsten and molybdenum 
passed over the surface of the object and passing 
the vapor over the object while it is thus heated 
along with hydrogen and water vapor to the ex- 
tent of hot over 15 molecular per cent of the 
hydrogen while maintaining a vacuum of a small 
fraction of an atmosphere af the surface. 
3. The method of plating an object of the class 
of steels which tend to oxidize in the presence 
of hot water vapor which comprises exposing the 
object whfle heated to a gaseous metallic carbonyl 
of a moral selected from the group consisting of 
molybdenum and tungsten in the presence of hy- 
drogen ai a continuously maintained gas pressure 
low as compared to atmospheric pressure to form 
a bond of the plating with the object and there- 
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eter ccnuïug the plating.l,rocesawhile main- 
tag the bïect heated by causg the !ux 
of water vapor wih th hyoen, fo. the extent 
e ot ove 15 molar per cent: of the: dmgen. 
4. : method OE platg. bjts which com- 
Dr Dasg curbol of moral: selected rom 
thegmup consisting of molbden andtungsten 
over-the rfce- . the bjt to. be plaed whfle 
 is mataed free om foren substances 
whflathe fface isalso maintaned ai a tempea- 
te sufficienfly hh fo deccmpose e metallic 
cabonyL nd t.duclng with the metallic car- 
nl 'og' plus water va,or ïrom a smal1 
amont, up to. 15= molar D cent -whfle contu- 
ouy Dumping the platg veel fa mainta a 
pree ther, wch is a. all fraction of an 
atmosphere, during the ente Dlating operation. 
5, The:metd of platingan-object whch com- 
pr£e hea the object fo be: plated te a tem- 
peraturebetween 450 - C. and.500  C.and pasg 
ungsten' carbol along with hydrogen, and water 
vapor ço the eent of hot over ton mo!ecular 
p cent of the hydrogen over the object to be 
plated, whfle matag the object fo be.plated 
a said temperature and: while matang a 
preure of from .001 te 12 meters of mercury 
ai the sace. 
6. The methed of plating an object whi. com- 
pries htg he object fo. be plted fo a tem- 
DerCue sciently hi to decompose a 
£ure  carbonyls of molybdenum and tgsten, 
psg said carbols along with hydrog and 
water vpo te the extent of net over. teen 
molecutar per cent of the hygen over e eb- 
je. fo be. plted, whfle if  mamtaned ai said 
cposi£ion: tempature and we ma- 
ingg pressure of. up to 12 mi]limeters of mercury 
t:the suace 
7. The .thod of platg, an object which com- 
prises heatg the cbject-te, be plated to a -tem- 
perature of about 600  C., passg a mixture of 
carbonyls of molybdenum and tmgsten along 
with hydrogen and water vapor fo the extent of 
no over fifteen molecular per cent er the hy- 
drogen over the object te be plated, while if £ 
matained at said temperature and while ma- 
ing a pssure of upto 12 milleters of mer- 
cy at the sface. 
8. The methodof platg an.object wch coin- 
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prises heating the object te be plated, to a. tem- 
perature of about 600 ° C. and passing molyb- 
denum carbonyl along with hydrogen and water 
vapor te the extent of not over ton molecular per 
5 cent of the hydregen over the object te. be plated 
whfle it £ maintained ai. said temperature and 
while maîntaining a pressure of frein :001 te 12 
mfllimeters of mercury at the surface. 
9. The method of plating an object with metal 
10 selected from the group consisting of tungsten 
and molybdenum which comprisas heating the 
ruera1 to a temperature suIficient]y high to. de- 
compose carbonyl vapor of a moral selectect from 
the group consisting of tungsten and molybdenum 
15 passed over the surface of the ob.îect and passing 
the vapor over the metal whfle if  thus heated 
along with hydrogen and water vapor fo the ex- 
tent of hot over ton molecular per cent of the 
hydrogen whfle maintaining a vacuum of a small 
20 fraction of an atmosphere at the surface. 
10. The method of plating an object with metal 
selected from the group consisting of tungsten 
and molybdenum which comprises heating the 
moral fo a temperature sufficiently high fo de- 
25 compose carbonyl vapor of a metal selected from 
the group consistîng of tungsten and molybdenum 
passed over the surface of the object and passing 
the vapor over the moral while it is thus heated 
along with hydrogen and water vapor to the ex- 
30 tent of hot over ten molecular per cent of he 
hydroge whfle maîntaîning a pressure of from 
.001 fo 12 millimeters of mercury at the surface. 
JAMES J. LANDEI. 
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